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Ultra‑wide field retinal imaging: A wider clinical perspective
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The peripheral retina is affected in a variety of retinal disorders. Traditional fundus cameras capture only 
a part of the fundus even when montaging techniques are used. Ultra‑wide field imaging enables us to 
delve into the retinal periphery in greater detail. It not only facilitates assessing color images of the fundus, 
but also fluorescein angiography, indocyanine green angiography, fundus autofluorescence, and red 
and green free images. In this review, a literature search using the keywords “ultra‑widefield imaging”, 
“widefield imaging”, and “peripheral retinal imaging” in English and non‑English languages was done 
and the relevant articles were included. Ultra‑wide field imaging has made new observations in the normal 
population as well as in eyes with retinal disorders including vascular diseases, degenerative diseases, 
uveitis, age-related macular degeneration, retinal and choroidal tumors and hereditary retinal dystrophies. 
This review aims to describe the utility of ultra‑wide field imaging in various retinal disorders.
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The periphery of the retina is affected in a variety of retinal 
and choroidal disorders. Until now, traditional fundus 
cameras captured only 30‑50° of retina and the peripheral 
retina remained undocumented. Documentation is important 
not only for management, monitoring and follow‑up of the 
retinal diseases, but also serves an irreplaceable role in medical 
teaching, patient education and counselling. The role of 
documentation in the modern medico‑legal and telemedicine 
era becomes even more critical.

While most of the peripheral retina can be assessed with good 
clinical examination and indirect ophthalmoscopy (especially 
by an experienced observer), documentation remains difficult. 
Color retinal charts remain reasonable preference but are 
flawed by inter‑observer variability and drawing capabilities. 
Moreover, quantification remains a major problem. Diabetic 
retinopathy study  (DRS) made the first attempt to capture 
more retinal area, by making a montage of 7 standard 
30‑degree fields.[1] This could capture up to 75 degrees of 
retina. The montaging techniques, however, depend upon 
good patient cooperation, fixation stability, and are time 
-consuming. In addition, peripheral optical phenomena 
and artifacts affect imaging. Several wide field imaging 
systems including RetCam  (Clarity Medical Systems Inc, 
USA), Spectralis  (Spectralis, Heidelberg Inc, Germany) with 
non‑contact or contact lens and Clarus (Clarus 500, Zeiss Inc, 
Germany) have been developed since then. However, many 
of these  (Retcam and Spectralis) involve direct contact with 

the patient and are cumbersome and uncomfortable for the 
capturing technician as well. Clarus does not require contact 
and provides true colour wide field images of up to 133°. 
Mirante  (Nidek Inc. Japan) was introduced recently in 2019 
with options of multimodal imaging and a view of 163°.

Optos  (Optos Inc, Dunfermline, UK), an ultra‑wide 
field (UWF) imaging system, allows capture of 200 degrees of 
retina (approximately 82% of retinal surface area) in a single 
click. It provides non‑contact, high‑resolution images of retina 
quickly even through a small pupil using an ellipsoid mirror 
and virtual point technology. Optos is based on confocal 
scanning laser ophthalmoscope and uses red  (633 nm) and 
green  (532 nm) lasers for color images, blue laser  (488 nm) 
for fundus fluorescein angiography  (FFA), green laser for 
fundus autofluorescence  (FAF), and infrared laser  (802 nm) 
for indocyanine green angiography (ICGA). In this review, we 
will discuss the utility of UWF imaging in various retinal and 
choroidal disorders.

Literature Search
A literature search including Medline, PubMed and Scopus 
was performed using the keywords “ultra‑widefield imaging”, 
“widefield imaging”, and “peripheral retinal imaging” in 
English and non‑English languages. All longitudinal studies, 
retrospective, prospective and case reports published before 
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April 2020 where ultra‑widefield was used as one of the 
methods of examination were included. Cited studies not 
identified through these sources were identified by reviewing 
the reference list in individual articles.

Ultra-Wide Field Imaging
Wide field and ultra‑wide field imaging have been used 
interchangeably in literature without clear definitions. The 
Diabetic Retinopathy Clinical Research Network (DRCR.net) 
defined UWF images to have at least a 100° view of the fundus.[2] 
Recently, a consensus of experts in the field established that 
the term wide field should be used for images showing retinal 
features beyond the posterior pole but posterior to vortex 
vein ampulla in all four quadrants, while UWF should be 
restricted to images in a single capture showing retinal features 
anterior to vortex vein ampullae in all four quadrants.[3] An 
image which can detail ora to ora in 360 degrees, is termed 
“Panretinal”. Though montaging techniques with Optos can 
produce panretinal images, no device as of now can capture 
such an image in a single click.

UWF Imaging in normal retina
An adequate understanding of the normal retinal periphery 
especially on FFA is a prerequisite with increasing usage of 
UWF imaging. A study on UWF‑FFA in normal eyes,[4] found 
common peripheral abnormalities such as absence of capillary 
details  (98.28%), ground glass hyperfluorescence  (87.93%), 
terminal networks  (77.59%), drusen  (34.48%), and 
microaneurysms (41.38%) [Fig. 1a and b]. Also, peripheral arterial 
circulation did not respect horizontal watershed in approximately 
45% of eyes. Lu et  al.[5] demonstrated granular background 
hyperfluorescence  (with features of window defect) in the 
periphery of all 101 normal eyes and attributed it to decreased 
retinal pigment epithelium density in the periphery. Thus, several 
findings which were considered to be abnormal for decades are 
in fact found in the periphery of normal individuals as well.

Singer et  al.[6] studied mean distance from the center of 
optic disc to the peripheral vascular border using UWF‑FFA 
after correcting for peripheral distortion. They found that 
this distance differed depending on the quadrant, with 
temporal  (22.5 mm) being largest followed by inferior  (20.4 
mm), superior  (19.2 mm) and nasal  (17.4 mm) being the 
least. The distances to the perfused vascular borders were 
significantly shorter in elderly population more than 60 years 
of age. Similarly, areas of non‑perfusion and retinal capillary 
microaneurysms in retinal periphery have been noted 
commonly in eyes with pathologic myopia [Fig. 1c].[7] Ability 

of UWF imaging to detect peripheral lesions even without 
mydriasis makes it useful for health screening because of 
its convenience and rapid acquisition.[8] But these findings 
in periphery of normal eyes should be kept in mind while 
interpreting the results of UWF‑FFA.

UWF Imaging in retinal detachment (RD)
UWF imaging is a valuable adjunct for eyes with RD 
especially for documenting the extent of RD, proliferative 
vitreoretinopathy and changes occurring in retina before 
and after surgery [Fig. 2a‑f].[9] The UWF imaging also allows 
accurate and reproducible assessment of peripheral breaks 
when compared with indirect ophthalmoscopy.[10] Thus, it not 
only helps in the documentation of peripheral lesions but acts 
as a good teaching tool [Fig. 2c].[11] It is useful for visualization 
in difficult situations like gas‑filled eyes  [Fig.  2b],[12] high 
myopia,[13] eyes with Boston Keratoprosthesis,[14] and hazy 
media[15] as well. However, one of the major problems is poor 
visualization of superior and inferior periphery, which can be 
partially overcome with steered images.

In a retrospective study, Wilmer et al. found that UWF‑FAF 
permits demarcation of extent of RD and also aids in postoperative 
counseling.[16] A hyperautofluorescent leading edge may be seen 
in eyes with RD indicating shallow subretinal fluid. Additionally, 
postoperative granular changes on FAF indicated worse visual 
outcomes and possible functional deficits in certain eyes.[16] 
While UWF‑FAF in eyes undergoing scleral buckling surgery 
revealed that the desired amount of cryopexy lead to central 
hypoautofluorescence with surrounding hyperautofluorescent 
halo,[17] UWF‑FFA has revealed peripheral vascular changes 
like perivascular staining, capillary nonperfusion (CNP) areas, 
vascular tortuosity in eyes with RD that has helped us in 
understanding the pathophysiology of disease.[18]

UWF Imaging in diabetic retinopathy (DR)
Traditionally, the management of diabetic retinopathy (DR) 
has relied solely on the standard retinal imaging exploring 
the changes in the posterior pole [Fig. 3a].[19] It is now known 
that peripheral retinal abnormalities are equally notable in 
DR [Fig. 3b‑d][20] and hence, the visualization of the peripheral 
retina becomes vital.

Screening and diagnosis of DR: UWF imaging improves the 
detection of DR lesions and leads to precise grading of DR. 
Additional cases of DR may be detected with UWF imaging 
as compared to the standard imaging.[21] Moreover, compared 
to the ETDRS seven‑field images, UWF imaging detects a 
higher retinopathy level in around 10‑15% of cases.[21-23] Not 
only UWF‑FFA detects greater number of neovascularization 
and CNPs, but the UWF color images alone can improve the 
detection rates of peripheral neovascularization as well.[23] 
Rasmussen et al.[24] reported that the non‑mydriatic UWF images 
had one‑level‑agreement of 100% with the mydriatic images and 
thus we may not always require mydriasis. This is important in 
diabetic patients who tend to have poor pupillary dilation and 
difficult image acquisition with traditional fundus photography.

Monitoring of DR: Silva et  al.[20] introduced the concept 
of predominantly peripheral lesions  (PPLs) in DR. When 
more than 50% of the graded lesions of DR occur in 
periphery  (outside of ETDRS seven‑field area), it is termed 
predominantly peripheral disease. The likelihood of DR 
progression and development of proliferative DR is greater in 

Figure  1: UWF‑FFA of normal peripheral retina showing absence 
of capillary details, ground glass hyperfluorescence  (arrow, a) and 
peripheral microaneurysms (arrow, b). In the setting of high myopia, 
UWF‑FFA shows peripheral avascular retina (white arrow, c)
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eyes with PPLs.[20] Also, UWF imaging helps in predicting the 
risk of post‑vitrectomy bleed which tends to be higher in eyes 
with greater peripheral lesions.[25]

UWF imaging also helps in a better understanding of 
pathogenesis of diabetic macular edema  (DME). Increased 

vitreous vascular endothelial growth factor  (VEGF) levels 
from capillary drop‑out and retinal ischemia have been found 
to be responsible for macular edema.[26] However, controversy 
regarding the role of peripheral CNP detected on UWF‑FFA in 
the development and progression of DME continues.[27-31] While 
some studies report greater correlation between peripheral 
ischemia and DME,[27,29] others report increased risk of 
developing neovascularization but not DME with peripheral 
CNPs.[28,30,31] Future research may help to further elucidate the 
role of PPLs in the occurrence of DME and the type of DME.

Treatment of DR: UWF imaging allows precise application 
of targeted retinal photocoagulation  (TRP) to peripheral 
CNPs [Fig.  3c and d], which keeps the side effects of laser 
to minimum by avoiding destruction of the perfused retina. 
Muqit et  al.[32] compared TRP with standard pan‑retinal 
photocoagulation (PRP) and found similar rates of proliferative 
DR regression but significant reduction in central retinal edema 
with TRP.

Role in telemedicine: UWF imaging has found utility in 
telemedicine programs for DR screening because of greater 
speed of acquisition and patient comfort.[22] Although UWF 
images are better than ETDRS seven‑field images in terms of DR 
detection and gradeability, UWF imaging has only moderate 
agreement and lower gradeability rates than dilated fundus 
examination.[33]

UWF imaging in venous occlusions
UWF‑FFA is  important  for  accurate  assessment 
of CNP areas in the setting of retinal vein occlusions 
(RVO, Fig. 4a‑d).[34] Underassessment of peripheral CNP areas 
may lead to under‑treatment resulting in unwanted sequelae 

Figure 2: UWF pseudocolour image showing rhegmatogenous retinal detachment with superior 180° giant retinal tear (arrow, a). Postoperative 
UWF image of the same eye with giant retinal tear showing gas‑filled eye and attached retina (b). Old rhegmatogenous retinal detachment 
showing demarcation lines and intraretinal cyst (arrow, c) and subretinal bands (arrow, d). UWF image of an eye after scleral buckling showing 
infero‑temporal cryo scar (arrow, e); re‑detachment with extensive PVR changes following vitreoretinal surgery with silicone oil (f)
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Figure 3: UWF‑FFA in diabetic retinopathy showing predominantly 
posterior pole involvement  (a) and panretinal involvement  (b) with 
microaneurysm and vascular changes extending beyond posterior 
pole, NVEs are also seen along supero‑temporal vascular arcade (b). 
UWF‑FFA of proliferative diabetic retinopathy showing large NVD and 
multiple NVEs with extensive capillary non‑perfusion areas  (c) and 
almost total capillary drop out (d)
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like recurring/persistent macular edema, vitreous hemorrhage, 
and progression to neovascular glaucoma.

Method of assessing CNP: Two methods have been described 
to quantify CNPs in RVOs, one being ischemic index, while the 
other is anatomical extent (in mm2).[35,36] Ischemic index is the 
ratio of the number of pixels within the CNP to the total number 
of pixels in the visible retina. This index may vary from 0.1 to 
61.3% in branch retinal vein occlusion (BRVO) and from zero 
to 99% in central retinal vein occlusion (CRVO).[34,35] Using the 
second method, Tan et al.[36] found that the area of non‑perfusion 
was significantly larger in patients with CRVO (mean 135.8 
mm2, range 5.3–365.4) compared to BRVO (mean 67.3 mm2, 
range 0–224.3). Total area of non‑perfusion in this cohort of 
patients ranged from 0 to 365.4 mm2, with a mean of 95.1 mm2. 
This was equivalent to a mean of nearly 37 disc areas, with 
largest being 141 disc areas. These numbers of CNP areas are 
far in excess of previous landmark studies, thus, substantiating 
the role of UWF angiography.[37,38]

Management of CNP: The area of CNP has a bearing on 
the risk of neovascularization and macular edema. While 
one study[35] found higher ischemic index  (75%) in patients 
with neovascularization as compared to ones without 
neovascularization (6%), others have reported higher retinal 
thickness in eyes with more CNPs.[34,39] Prasad et al.[40] showed 
that the areas of CNP anterior to equator, which remain 
undetected on conventional imaging had greater bearing on 

Figure 4: UWF pseudocolour image (a) of CRVO along with inferotemporal 
BRVO showing dilated tortuous veins, 360° resolving hemorrhages and 
prominent inferotemporal area of intra‑retinal hemorrhages. UWF‑FFA 
in CRVO (b) and BRVO (c) showing panretinal and sectoral vessel wall 
staining (arrows) and capillary non‑perfusion (CNP) areas extending up 
to retinal periphery. UWF‑FFA in old BRVO (d) showing peripheral laser 
spots, large areas of uncovered CNP and collateral formation (red arrow) 
at junction of vascularized and non‑vascularized retina
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Figure 5: UWF pseudocolor image of Coat’s disease showing peripheral avascular area and retinal neovascularization (a) UWF‑ FFA showing 
bulb like dilatations in addition (b). UWF‑FFA of another case showing wide‑spread involvement in Coat’s disease (c). UWF image in familial 
exudative vitreoretinopathy (FEVR) showing retinal fold, peripheral tractional retinal detachment and disc‑macula drag (d). UWF‑FFA in FEVR 
shows temporal avascular retina, temporal straightening of vessels and super‑numerary vascular branching in addition to early (e) and frank 
neovascularization (f)
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macular edema. The WAVE study concluded that the change 
in ischemic index for the total retina, peri‑macular and 
near‑peripheral retinal regions positively correlated with the 
change in CMT.[41] These findings led to the concept of TRP 
in RVO.[42] TRP leads to lesser chance of macular edema and 
decreases required number of anti‑VEGF injections.[43,44]

UWF imaging in pediatric disorders
UWF imaging has an important role in pediatric diseases like 
Coats’ disease, Familial exudative vitreoretinoapthy  (FEVR) 
and retinopathy of prematurity (ROP) as primary pathology in 
these diseases lies in the retinal periphery. Capture of a large 
area in a single click is even more useful in children where 
patient cooperation is an issue.

UWF imaging has been used extensively in the evaluation 
and management of Coats disease.[45-47] UWF‑FFA allows better 
visualization of telangiectatic vessels, light bulb aneurysms, 
early and progressive perivascular leak, and peripheral CNP, 
which helps greatly in management [Fig. 5a‑c]. Kang et al.[45] 
showed areas of retinal telangiectasia and non‑perfusion, much 
wider on UWF angiography than the 7‑standard fields. This 
aided in assessment of the areas requiring treatment especially 
on UWF‑FFA. Further, laser photocoagulation of these lesions 
resulted in better reduction in exudation and macular edema. 
UWF‑FFA can be used in younger children without sedation 
as an outpatient modality.[46] Subtle vascular changes in the 
contralateral asymptomatic eyes of patients with Coats’ disease 
could be detected using UWF imaging.[47] These findings point 
towards Coats’ disease being an asymmetric bilateral disease. 
Also, avascular periphery anterior to telangiectasia is noted in 
eyes with adult‑onset Coats disease.[48] This ischemic area is the 
source of continuous VEGF production and maybe the reason 
for appearance of new lesions over time.

Likewise, UWF imaging is beneficial in diagnosing 
the early stages of FEVR, especially in the asymptomatic 
fellow eye [Fig. 5d‑f]. In comparison to standard fluorescein 
angiography, the UWF‑FFA is highly effective in diagnosing 

Figure 6: UWF pseudocolor image of VKH syndrome showing multiple neurosensory detachments (a). UWF‑FFA showed multiple pin point 
leaks (b) which pool in the late phases (c) extending up to the periphery. UWF image of cytomegalovirus retinitis showing peripheral involvement (d); 
Multifocal choroiditis (e) showing areas of active as well as healed patches. Ocular Toxocariasis showing peripheral granuloma with falciform fold 
extending from the lesion to posterior pole (f)
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Figure  7: UWF‑FFA of active retinal vasculitis which can be 
generalized (a) or localised (b). UWF‑FFA of healed retinal vasculitis 
with extensive capillary non‑perfusion areas  (CNP) in the retinal 
periphery and neovascularization (c). Fibro‑vascular proliferation (d) 
in the background of large CNPs is evident in a case of healed retinal 
vasculitis on UWF‑FFA
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FEVR in asymptomatic family members of diagnosed FEVR 
patients with a sensitivity and specificity of 93.0% and 
97.5%, respectively.[49] Kashani et  al.[50] described previously 
unrecognized anatomic and functional changes in FEVR using 
UWF‑FFA. Anatomic changes included aberrant circumferential 
peripheral vessels, vascular tortuosity, late‑phase disc leakage, 

central and peripheral telangiectasias and capillary anomalies. 
Functional changes included venous‑venous shunting, 
delayed arteriovenous transit, and delayed or absent choroidal 
perfusion.

For ROP screening, traditionally binocular indirect 
ophthalmoscopy has been considered the gold standard. 
However, the scarcity of retina specialists with adequate skills 
to screen these premature babies with indirect ophthalmoscope 
has been a limitation.[51] Telemedicine model for ROP screening 
has been validated in large studies in both the developed 
and developing world.[52,53] Most of these studies, however, 
use the RetCam shuttle  (with 130°coverage, Natus Medical 
Incorporated, Pleasanton, CA) handled by a trained nurse/
technician who captures the images and uploads them to 
a secure server. UWF imaging using Optos has also been 
used with variable success for imaging ROP babies using the 
‘flying baby position’.[54] The latter has advantages like being 
non‑contact, no need for pupillary dilatation (useful in plus 
disease), and better view of the different stages of ROP at the 
posterior pole and peripheral retina simultaneously.[54]

UWF imaging in uveitis
UWF imaging may be useful to make a correct diagnosis, 
determine the extent of involvement, identify secondary 
complications such as retinal detachment, and for follow‑up 
to look for recurrence of activity in cases of uveitis [Fig. 6a‑f]. 
Considering, patients with uveitis often develop posterior 
synechiae leading to poorly dilating pupils, UWF imaging may 
be very helpful in such cases.

Anterior uveitis: Retinal involvement can occur in anterior 
uveitis in the form of peripheral vascular leakage (PVL) and 

Figure 8: UWF pseudocolor image showing peripheral drusen (a) which 
are more evident on UWF‑FAF (b). UWF pseudocolour image shows 
retinal lesion in the periphery with subretinal and sub retinal pigment 
epithelium hemorrhage  (c). UWF‑  FFA showed peripheral leakage 
along with blocked hypofluorescence confirming peripheral exudative 
hemorrhagic chorioretinopathy (d)
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Figure 9: UWF pseudocolour image of Leber congenital amaurosis showing chorioretinal degeneration, macular coloboma and peripheral 
bone‑spicule like pigmentation (a). UWF‑FAF shows peripheral involvement in a case of Stargardt disease (b). UWF pseudocolour image of 
pigmented paravenous retinochoroidal atrophy (c) showing perivascular pigmentary changes extending into periphery, which are better characterized 
on FAF (d). UWF‑FFA of gyrate dystrophy (e) and choroideremia (f)
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cystoid macular edema (CME). Chi et al.[55] found PVL in 42% 
and CME in 26% eyes with anterior uveitis. PVL has also been 
demonstrated in cases of mild anterior uveitis associated 
with tubulointerstitial nephritis.[56] The presence of peripheral 
leakage indicates that inflammatory mediators involved in 
anterior uveitis may also have some effect on peripheral retinal 
vessels. However, whether this mandate a change in treatment 
algorithm needs to be evaluated further.

Intermediate uveitis (IU) and vitreous haze: Different patterns 
of periphlebitis such as large or small vessel staining/leakage 
have been described in IU using UWF‑FFA.[57] Diffuse leakage 
has been correlated with worse visual acuity as compared to 
peripheral leakage or absence of leakage.[58] More PVL has been 
reported using UWF‑FFA as compared to conventional FFA 
or 9‑field montage FFA.[59,60] The PVL implies persistence of 
disease activity, which may have implications on the amount 
of required immunosuppression.

An attempt has also been made to grade the vitreous haze 
using UWF imaging. Dickson et  al.[61] showed good inter-
observer correlation using UWF imaging regarding the degree 
of haze. However, UWF imaging was poor at detecting low 
levels of vitreous haze. More so, it could not be validated 
in presence of anterior segment opacities like cataract and 
corneal opacity. Using UWF imaging, vitreous haze in primary 
vitreo‑retinal lymphoma has been described in various patterns 
such as Aurora borealis type, where there are linear opacities 
along the vitreous fibrils, string of pearl type where there are 
fine fibrils connecting the aggregated inflammatory cells or 
non‑specific pattern.[62]

Vogt Koyanagi Harada (VKH) syndrome: The classical findings 
seen on angiography at posterior pole in VKH have been 
demonstrated in the peripheral fundus as well [Fig. 6a‑c].[63] Lee 
et al.[64] has classified the sunset glow fundus seen in chronic 
VKH cases based on the extent of pigmentary changes seen on 
UWF imaging as early, intermediate and advanced. Patients 
with a higher grade of such changes tend to have a higher 

incidence of cataract, glaucoma and chronic uveitis but a lower 
incidence of exudative detachment.

White dot syndromes: UWF imaging detects the peripheral 
involvement in this subset of patients which may not be 
evident clinically. Hyperautofluorescent spots arising from 
the peripapillary retina and progressing beyond the arcades 
into the peripheral retina have been seen using UWF‑FAF in 
the acute phase of multiple evanescent white dot syndrome. 
During the recovery phase, the auto‑hyperfluorescent spots 
fade from the periphery towards the centre.[65] Even in acute 
zonal occult outer retinopathy  (AZOOR), the extent of the 
pathology is better appreciated on UWF‑FAF. Acute lesions 
are seen as diffuse hyperautofluorescent while chronic cases 
show central mottled or diffuse hypoautofluorescent area 
with surrounding hyperautofluorescent border. The pattern of 
spread of these lesions can vary from centrifugal to centripetal 
to a combination of centrifugal and centripetal. As compared to 
standard FAF, extensive involvement was seen on UWF‑FAF.
[66] Subclinical peripheral lesions have been demonstrated using 
UWF imaging in acute posterior multifocal placoid pigment 
epitheliopathy (APMPPE). Mrejen et al.[67] suggested that these 
lesions are more readily picked up with the 635 nm (red) filter 
light used for Optos wide field imaging because of its deeper 
penetration. Similarly, Knickelbein et al.[68] demonstrated that a 
higher percentage of patients with birdshot choroidopathy had 
lesions seen on 635 nm imaging than 532 nm as this is primarily 
a choroidal inflammatory disorder.

Infectious posterior uveitis: The extent of acute retinal necrosis, 
an important risk factor for development of retinal detachment, 
can be easily monitored using UWF imaging even through a 
hazy media.[69] Regression of lesions documented by UWF 
imaging provides objective evidence of disease regression and 
can help in patient education and counselling in this grave 
sight‑threatening disorder. Similarly, UWF imaging is a useful 
tool for assessment and monitoring of cytomegalovirus retinitis, 
which predominantly affects the peripheral retina [Fig. 6d][70] In 
tubercular posterior uveitis, UWF imaging revealed additional 
peripheral retinal findings such as peripheral areas of vasculitis, 
choroiditis, neovascularization and capillary non‑perfusion in 
90% cases [Fig. 6e].[71]

Vasculitis: UWF imaging and FFA play a pivotal role in the 
diagnosis and management of patients with retinal vasculitis. 
UWF imaging has been shown to be superior to both clinical 
examination and conventional angiography in detection of 
retinal pathology in the context of vasculitis  [Fig.  7a‑d]. In 
a prospective observational study, Leder et  al.[72] found that 
UWF‑FFA in retinal vasculitis revealed more signs than 
clinical examination or conventional fundus imaging. In this 
series, the percentage detection of disease activity was 38%, 
45%, 50% and 67% using clinical examination, conventional 
angiography, UWF photography and UWF‑FFA respectively.[72] 
Surprisingly, a series evaluating UWF imaging in patients 
with active Behcet’s retinal vasculitis found that vasculitis was 
clinically missed in more than 80% of eyes.[73] Kumar et al.[74] 
studied UWF‑FFA in patients with Eales disease and found that 
it was helpful in documentation of peripheral findings in 2/3rd 
of eyes with immediate change in management plan based on 
these UWF findings in 1/3rd of cases.

Sheemar et al.[75] studied 200 patients with retinal vasculitis 
using UWF imaging and FFA. They found, higher number 

Figure 10: UWF pseudocolour image (a) of choroidal hemangioma 
at posterior pole. UWF‑FAF shows large hypoautofluorescent areas 
extending to inferior retina due to chronic fluid exudation and retinal 
pigment epithelium loss (b). UWF–FFA in Von‑Hippel‑Lindau shows 
multiple retinal capillary hemangioblastomas and inferior large lesion 
with feeder vessels  (c). UWF imaging  (d) of choroidal osteoma 
shows irregular, yellow‑white, juxtrapapillary lesion which had central 
hypoautofluorescence  (signifying decalcification) with surrounding 
hyperautofluorescence on UWF‑FAF (e)
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of patients to have bilateral disease (72.5%) on UWF‑FFA as 
compared to clinical examination alone (65%). In this study, the 
area confined to the posterior pole was designated as zone 1, 
between posterior pole and equator as zone 2 and area beyond 
equator as zone 3. Involvement of all 3 zones was noted in half 
the number of eyes. Veins were most commonly involved (78%) 
followed by mixed arterial and venous involvement (18%). As 
expected, peripheral neovascularization and non‑perfusion 
areas were detected better on UWF imaging.

UWF is also uniquely suited to study children with retinal 
vasculitis due to the information carried within a single 
frame. In addition, this imaging modality helps in better 
understanding of the extent of pathology and sequelae of 
vasculitis syndrome like IRVAN (Idiopathic retinal vasculitis 
and neuroretinitis), acute hemorrhagic retinal vasculitis, frosted 
branch angitis, etc. It is also a useful method to ascertain the 
response and adequacy of treatment in retinal vasculitis, 
particularly, retinal photocoagulation.

UWF Imaging in age-related macular degeneration
The advent of UWF imaging has enabled us to observe and 
study peripheral retinal changes in age-related macular 
degeneration  (AMD), although the significance of these 
changes is not fully understood at this time. Peripheral 
retinal changes commonly observed in eyes with AMD 
include drusen, atrophy, and retinal pigment epithelium 
changes.[76] Drusen, hallmark of AMD, may not be limited 
to the posterior pole, as thought previously. In fact, drusen 
have been described in both the mid and far periphery in 
several AMD eyes [Fig. 8a and b].[77] Also, the temporal sector 
is seen to be less affected by peripheral drusen since temporal 
mid‑peripheral choriocapillaris perfusion is greater than that 
of other quadrants.[78] Domalpally et al.[77] found that patients 
with AMD showed FAF abnormalities in 82% of eyes in the 
mid‑periphery and 49% of eyes in the far periphery, whereas 
normal control participants showed similar abnormalities in 
only 28% of eyes in the mid‑periphery and 10% of eyes in the 
far periphery.

Another pathology, peripheral exudative hemorrhagic 
chorioretinopathy  (PEHCR) is believed to be a peripheral 
variant of AMD  [Fig.  8c and d]. The introduction of UWF 
imaging has changed the way PEHCR is diagnosed, classified, 
and managed. Tsui et  al.[79] were the first to report UWF 
imaging in four patients of PEHCR. The authors found that 
accurate photographic documentation helped monitor growth 
in order to distinguish PEHCR from potentially treatable or 
life‑threatening lesions such as choroidal metastatic tumor or 
primary choroidal melanoma. Kumar et al.[80] reported that in 
PEHCR, the pathology frequently lies anterior to the equator. 
The peripheral disciform scar, in their case, was visible only 
on the steered images, and that too with the help of UWF 
imaging. Further, using UWF‑ICGA, studies have revealed 
presence of polyps in up to 70% of eyes with PEHCR and some 
now consider PEHCR as a peripheral variant of polypoidal 
choroidal vasculopathy.[81]

UWF Imaging in retinal and choroidal dystrophies
UWF imaging with a large field of view in a single click allows 
excellent documentation of retina and choroidal dystrophies 
since the patients tend to have poor vision and fixation, 
precluding montaging techniques [Fig. 9a‑f]. In addition, many 

patients have nystagmus and are of pediatric age group which 
can further affect patient cooperation and image capture. UWF 
imaging allows good wide field images even in disorders like 
Leber congenital amaurosis [Fig. 9a], where absent fixation and 
nystagmus makes conventional capture nearly impossible.[82]

UWF imaging especially FAF has shed light on the 
pathophysiology of several inherited dystrophies. Stargardt 
disease  (SD) has been considered to be a macular disorder 
for decades. However, Klufas et  al.[83] using UWF FAF have 
shown that peripheral involvement may be seen in majority of 
the patients with SD and classified it into three types [Fig. 9b]. 
Type 1 are cases with no peripheral findings, type 2 includes 
macular atrophy with only flecks in the periphery, and type 3 
are cases with macular and peripheral atrophy. Kumar 
et al.[84] studied UWF FAF in SD and found a coincidence of 
well‑defined border of elevated background autofluorescence 
with the farthest extent of hyperautofluorescent flecks in 
addition to the peripheral findings. Peripheral lesions similar 
to congenital hypertrophy of retinal pigment epithelium have 
also been described in SD using UWF imaging.[85]

UWF imaging is useful for diagnosis and monitoring 
of patients with retinitis pigmentosa  (RP). Decreased FAF 
in periphery of these eyes correlated well with scotoma on 
Goldmann perimetry and a system of grading RP in different 
genotypes has been proposed using UWF FAF.[85,86] In certain 
cases, UWF imaging can be used for correlation of phenotype 
with the genes affected.[86,87] Kumar et al. studied pigmented 
para‑venous retino‑choroidal atrophy on UWF imaging and 
found that affected areas demonstrated hypoautofluorescence 
with sharp hyperautofluorescent borders and considered it as a 
self‑limited form of RP [Fig. 9c and d].[88] In addition, UWF‑FFA 
also aids in documenting rare features like hemangioblastoma 
and Coats like response in RP.[89] UWF imaging has been 
studied in various choroidal dystrophies and has demonstrated 
distinctive patterns that may aid in their identification 
[Fig.  9e and f].[90] It is also useful in documenting striking 
peripheral changes in other rare disorders like Sveinsson 
chorioretinal atrophy and benign familial fleck retina.[91]

UWF imaging in tumors
UWF imaging has found a particular role in the field of 
oncology: for diagnosis and documentation of tumors, planning 
their management, following their course and monitoring 
complications [Fig. 10a‑e].[92-96] Its utility has expanded from 
fundus photography initially, to include autofluorescence, 
angiography and optical coherence tomography.[95-97] UWF 
imaging is crucial in the context of multiple choroidal 
metastasis that occur anterior to the equator and could have 
been otherwise missed on examination. Furthermore, it may 
also aid in easier differentiation between choroidal melanoma 
and benign nevi by allowing meticulous measurements of the 
tumor size, assessment of overlying pigment changes, and 
evaluating change in the tumor size on follow-up.[96]

Ayres et al.[92] compared various radiological, conventional 
and UWF imaging techniques with clinical examination for 
measuring the choroidal tumors. UWF imaging was found to 
be more comparable to the clinically estimated tumor basal 
diameter than the findings of other imaging tools. Kernt 
et al.[98] also found UWF measurements to correlate well with 
ultrasound measurements for melanotic tumors. They also 
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used 2 lasers of UWF imaging (red and green) to differentiate 
between malignant and benign lesions of the choroid, both 
sensitivity and specificity exceeding 70%, with malignant 
lesions being darker with red spectrum.[98] In tumors like 
retinoblastoma, UWF imaging or akin systems may be useful in 
documenting the effect of therapy and monitoring recurrences 
quantitatively. By changing the focus of the camera to anterior 
cavity, one can also document vitreous seeding and anterior 
involvement.[96] In tumors like choroidal hemangioma, UWF 
imaging can be used to monitor the extent of retinal detachment 
and determine response to therapy [Fig. 10a and b].

UWF‑FAF is another useful tool for differentiating 
melanomas from nevi. Reznicek et  al.[99] reported mean 
FAF intensity to be significantly lower in malignant lesions 
as compared to the benign nevi. They described “mixed 
appearance” of melanoma on UWF FAF with “green laser 
separation technique”. Heimann et  al.[93] described intrinsic 
and extrinsic FAF features of vascular tumors like choroidal 
hemangiomas, particularly relating to overlying pigment 
changes, fibrosis and subretinal fluid. Further, UWF‑FFA 
has made evaluation of peripheral vascular tumors more 
thorough.[93] It helps in identifying several pathognomic 
features like rapid filling and quick wash out of dye seen 
in choroidal hemangiomas, identification of the “extremely 
peripheral” vasoproliferative tumors within the accompanying 
fibrosis and retinal detachment, and localizing small peripheral 
angiomas oblivious to ophthalmoscopic examination.[93,100] 
Novel features like abnormal capillary network, capillary 
leakage and telangiectasia have been described in retinal 
hemangioblastomas using UWF‑FFA.[101]

Management of retinal angiomas is dependent on 
identification of feeder vessels in early stages, and for 
this, peripheral angiography offers a very reliable way 
of identification of feeders. This is especially true in 
syndromic involvement where new small retinal angiomas 
are known to develop over long term. UWF imaging has 
been suggested as a sole ophthalmic tool for screening 
these angiomas in Von Hippel‑Lindau clinics  [Fig.  10c].[102] 
Furthermore, UWF imaging with its angiographic features 
may also be useful in accurate classification of retinal 
capillary hemangioblastomas.[103] Conversely, it also helps 
in identifying and documenting non‑neoplastic lesions like 
exudative‑hemorrhagic chorioretinopathies which are known 
to simulate tumors.[79,80] UWF‑FFA is particularly useful in 
identifying early peripheral features of radiation retinopathy 
and its classification, which is expected to become crucial given 
the current era of brachytherapy.[93,96]

However, one should be careful while using UWF imaging 
for measuring size of tumors as ultrasound may be better when 
tumor height exceeds 3 mm and in presence of exudative 
retinal detachment.[92] Further estimation of tumor dimensions 
can be tricky as peripheral most areas of the fundus appear to 
be stretched specifically in the horizontal axis.[94] UWF being 
largely based on pseudo‑colour images, there have also been 
concerns over difficulty in differentiating between tumors on 
UWF, specifically between melanotic and vascular tumors.

Limitations
Although useful, UWF imaging has its own limitations. One 
of the major problems is high cost and limited availability. 

Others include common artefacts from eyelashes, lid 
margin and nose  [Figs.  2 and 5]. However, all these can be 
reduced with simple measures like lid holding and proper 
centration of eye at a suitable distance. The learning curve 
of the photographer is also important. Inherent problem of 
projecting a curved area on a flat surface leads to peripheral 
distortion and magnification. This leads to errors especially 
in peripheral measurements. However recent advancements 
in hardware and software including stereographic projection 
software, help in correction of peripheral distortion. Absence 
of true colors in fundus images may lead to errors in diagnosis 
especially when diagnosis is based on the color of the lesion. 
Lastly, while UWF imaging is good for horizontal (temporal 
and nasal) periphery, superior and inferior periphery is not 
that well visualized. The latter may be rectified using steered 
images and automated montage, which is possible in advanced 
versions of the equipment.

Future direction
With continuing development of UWF imaging and recent 
inclusion of OCT, the future may see increased accuracy and 
efficiency in dealing with peripheral retinal lesions. UWF 
images will be further explored for automated detection 
and grading of various diseases and lesions including 
automated detection of CNP, determining ischemic index 
and management options including predicting the need of 
laser photocoagulation. Also, wider field of view, no pupillary 
dilatation, faster acquisition and high‑resolution images make 
it an ideal candidate for telemedicine, however, high cost has 
limited its wider applicability. In specific situations, it is likely 
to transpire from an adjunct to a substitute of ophthalmoscopic 
examination.

Conclusion
UWF imaging has revolutionized the way we document the 
periphery of retina and has provided new insights into various 
retinal disorders.
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